Introduction
The observed large fluctuations of the South African rand against the dollar and the euro over the last 10 years or so raise a number of questions. The first series of questions relates to the role of economic fundamentals in explaining the appreciation and depreciation episodes of the past years. In particular, one might wonder whether conventional (monetary) fundamentals play a role in nominal exchange rate determination in South Africa, whether markets' reactions to macroeconomic news have a bearing on the rand's exchange rate, whether the rand is sensitive to fluctuations in the price of South Africa's main export goods (commodities) and whether changes in the risk perception of international investors vis-à-vis the South African economy and more generally towards emerging market economies have an impact on the rand. The second set of questions is concerned with central bank activity. Specifically, we may ask whether interest rate policy, central bank communication relating to the exchange rate and the interest rate influenced the rand.
The existing body of literature answers some of these questions for industrialised countries and to a lesser extent for emerging market economies. For instance, it has been shown recently that the failure of the monetary model to explain nominal exchange rate movements in industrialised countries in the 1980s (Meese and Rogoff, 1983) was largely due to the low power of the tests to reject the null of no cointegration between the nominal exchange rate and the monetary fundamentals (MacDonald and Taylor,1994; Groen, 2000; Rapach and Wohar, 2004) , the short time span of the data (Rapach and Wohar, 2002) or structural breaks (Goldberg and Frydman, 2001 ). There is also increasing empirical evidence that the monetary model helps model the exchange rate of some emerging market economies. 2 In addition, past empirical research showed that adjustment towards long-term equilibrium may be nonlinear. For instance, Sarno and Taylor (2002) argue that the mean reversion to Purchasing Power Parity is quicker if the exchange rate is far away from it and that no mean reversion occurs if the deviation from equilibrium is small.
Traditional fundamentals are usually measured at monthly frequencies. A way to match economic variables with daily exchange rate data is to look at real-time macroeconomic variables in the form of the surprise component of macroeconomic news releases. For the main currency pairs, the literature seems to agree on a number of issues regarding the effect of the surprise component of macroeconomic news on the exchange rate. First, bad news has a larger impact that goods news (Andersen et al, 2002; Galati and Ho, 2001; and Laakkonen, 2007) . Second, the effects are incorporated in the exchange rate very quickly (Chaboud et al, 2004) . Third, the effect varies over time (Galati and Ho, 2001 ) and differs across different types of macroeconomic news (Edison, 1996; Ehrmann and Fratzscher, 2005) . Furthermore, Ehrmann and Fratzscher (2005) argue that macroeconomic surprises can explain a large number of directional changes in the euro/dollar exchange rate even if they cannot account for the size of the changes. Evans and Lyon (2003) point out that most of the effects of macronews transit through order flows. Some of these stylised facts are found to also hold for emerging countries (Kopecky, 2004; and Kiss, 2004) .
While numerous studies established a link between the real exchange rate and commodity prices using monthly or quarterly data 3 , only a few papers investigated the relation between the nominal exchange rate and commodity prices for daily data. For instance, Cowan et al. (2007) detect a strong link between the daily nominal exchange rate and the price of copper for Chile.
Regarding the second set of questions, central bank communication can influence the exchange rate via the coordination channel. Fratzscher (2004, 2005) shows that official statements of the ECB about the euro-dollar exchange rate had both short-and long-run effects on the exchange rate, and that they did not need to be accompanied by actual interventions to be effective. Our paper has a number of novel features. First, to our knowledge, nobody thus far has undertaken to analyse the determinants of short-run exchange rate movements in South Africa. Second, the literature presented above usually includes only a subset of possible explanatory variables but do not analyse them all at the same time. Against this background, we propose to combine different strands of the literature by including a large number of possible explanatory variables in our empirical model. Third, researchers usually used Purchasing Power Parity equilibrium (proxied by sample averages of the real exchange rate) to model nonlinear mean reversion. Instead of these simple approximations, we estimate the long-run monetary equilibrium of the nominal exchange rate to investigate nonlinearity in the mean reversion of the nominal exchange rate towards its long-term equilibrium.
The remainder of the paper is structured as follows: The following two sections discuss methodological issues and overview the dataset. Section 4 subsequently presents the results and Section 5 draws concluding remarks.
2

Modelling approach
This section sets out our two-stage approach. First, we present how long-run equilibrium is computed. Second, we describe our high frequency exchange rate model.
Monetary equilibrium
The monetary model of the exchange rate is used to estimate the nominal equilibrium exchange rate. 4 , 5 The basic monetary model including relative money supplies, relative real GDP and the interest rate differential is considered:
Note, however, that Cashin, Cespedes and Sahay (2002) could not establish a robust long-run relationship between real exchange rate and commodity prices in South Africa. 4 An easy way to obtain long-term values of the exchange rate for modelling high frequency exchange rates is to use a moving average or a trend obtained on the basis of a filtering technique. It appears, however, more appropriate to evaluate the long-run nominal exchange rate in a more structural way. 5 It is current practice to evaluate the long-term real exchange rate (also termed equilibrium real exchange rate) by estimating a reduced form real exchange rate model. The problem with this approach is that it gives the deviations of the real exchange rate from its estimated long-run values, and that deviations can be corrected either via changes in the nominal exchange rate
where t e is the nominal exchange rate, expressed as units of domestic currency units over one unit of foreign currency (an increase means depreciation of the domestic currency). Equation (1) shows that a relative rise in money supply results in a real currency depreciation. An increase in relative real income causes a real depreciation. Regarding the effects of the interest rate, a rise in the long-term interest rate differential is related to a currency depreciation, in line with the uncovered interest parity condition.
We extend the basic model by including: a.) commodity prices, eg the price of gold and metals (El Shazy, 1989) b.) productivity differential to capture the Balassa-Samuelson effect (see Clements and Frankel, 1980 We first check the integration of the variables 6 . As they turn out to be I(1) processes, we subsequently use dynamic ordinary least squares (DOLS) to estimate the long-run relationship. Stock and Watson (1993) show that DOLS accounts for the endogeneity of the regressors and serial correlation in the residuals by incorporating lags and leads of the regressors in first differences: ). We also make use of the error correction term as a test of cointegration as Kremers, Ericsson and Dolado (1992) argue that it is more powerful than the residual-based Dickey-Fuller test. Furthermore, we cross-check cointegration using Johansen's trace statistics.
In addition, we also analyse structural breaks in the cointegrating vector. For this purpose, we rely on the regime shift model of Gregory and Hansen (1996) that allows for endogenous break in the constant and the slope coefficients.
2.2
High frequency exchange rate modelling
We incorporate the monetary equilibrium in our model of exchange rate returns ( t e Δ ). 7 Our linear specification is the following: 
or changes in domestic or foreign prices. Therefore, it is more convenient to estimate a nominal exchange rate model where adjustments to equilibrium can occur only through changes in the nominal exchange rate. 6 The augmented Dickey-Fuller (ADF), Philips-Perron (PP) and Elliot-Rothernberg and Stock unit root tests and the Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) stationarity test. 7 Returns are calculated as follows throughout the paper: (X(t)/X(t-1)-1)*100 are the ARCH and GARCH terms that are needed because of the volatility clustering observed in the exchange rate return series.
Next, we allow for nonlinear effects in the explanatory variables as a function of the deviation from the monetary equilibrium (DEV). First, we look whether deviations from the equilibrium are linked in a nonlinear fashion to changes in the exchange rate in the mean equation. Second, we also allow for nonlinearities in other explanatory variables such as commodity prices and the country risk premium. The nonlinear model with one nonlinear variable can be written along the lines of the framework proposed by Hansen (1999): 
where ρ is the threshold variable (deviation from monetary equilibrium), T denotes the threshold value of the threshold variable that separates the two regimes. The threshold variable is the deviation from equilibrium. Thus, deviation from the monetary equilibrium is allowed to have a different effect on exchange rate returns depending on the distance of the exchange rate from its equilibrium value. Note that monthly deviations from the monetary equilibrium are linearly interpolated to daily frequencies. The errors are assumed to be white noise. The two-regime model can be easily extended to three regimes: The selection between linear and nonlinear models is done as follows. We first estimate the linear model and the two-regime model. A grid search with steps of 1% of the distribution is carried out to find the value of the threshold variable that minimizes the sum of squared residuals of the estimated two-regime model. Hansen (1999) shows that the null hypothesis of 2 1 ϕ ϕ = can be tested using a likelihood ratio test. Given that the likelihood ratio test statistic does not follow a standard asymptotic distribution as the threshold value is not identified under the null hypothesis, the distribution of the test statistic is obtained through bootstrapping based on random draws with replacements using 1000 replications (Hansen, 1999) .
If the likelihood ratio test statistic rejects the null hypothesis of the linear model against the two-regime model (on the basis of the bootstrapped critical values), we also analyse whether there are three different regimes instead of two-regimes. A three-regime model is estimated using the two threshold values of the threshold variable that minimise the sum of squared residuals across the estimated models. 8 The bootstrap procedure described above is applied to the two-regime and three-regime models.
3
Data description
3.1
Commodity prices, perceived country risk premium and changes in rating
Daily data on returns of the London gold price and platinum prices are employed to study the link between commodity prices on the rand/dollar exchange rate. Furthermore, changes in the perceived country risk is measured by the Emerging Markets Bond Index (EMBI) that is constructed as the spread between the yield of the dollar-denominated long-run South African government debt and the yield of long-run US government debt. Spillovers from other emerging markets are captured by the global EMBI index including all major emerging markets (Asia, Central and Eastern Europe and Latin America).
We also collected news from Factiva regarding announcement of forthcoming and actual rating upgrades by Standard & Poor's ((S&P), Fitch and Moody's). Regarding communication on the interest rate, the central bank may want to prepare the markets for future interest rate moves. For instance, statements expressing concerns about inflation and thus the need for higher interest rates may cause markets to incorporate these pieces of news in the exchange rate that will appreciate. Central bank communication with regard to the interest rate was rather asymmetric between 2001 and 2007. The central bank talked a lot about the need for higher rates or for rates being kept unchanged, but never hinted at possible interest rate cuts.
Central bank communication, interest rate and macroeconomic news in the foreign benchmark country, the US economy, should also impact on the rand/dollar exchange rate. We employ a simple but powerful indicator for these events: the dollar/euro exchange rate. For instance, Ehrmann and Fratzscher (2005) showed that the listed variables have a significant influence on the dollar/euro exchange rate "Inflation is coming down slowly but surely and, of importance to you, by no stretch of the imagination can the rand be regarded as overvalued," he added.
November 2004
Pressure on the dollar is likely to mean the exchange rate of the rand will remain firm in the future, but the central bank will not intervene to stem gains, Reserve Bank chief Tito Mboweni said on Wednesday.
November 2005
Sectors of the economy that were taking financial strain from the rand at its current levels should learn to live with reality, Reserve Bank governor Tito Mboweni said last night.
September 2006
"Mboweni said given the imbalance on the trade account, with imports continuing to outstrip exports, an adjustment in the value of the rand was inevitable. "I don't take any view on the level of the exchange rate but clearly when you have an imbalance ... something has to give," he said."
INTEREST RATE 29 November 2001
"If strong exchange rate depreciation, for example, leads to higher 'imported' inflation...the central bank would have to raise short-term interest rates in order to brake the inflation spiral."
May 2005
"I think we are quite comfortable that the decisions made so far...will keep us within the inflation target," Reserve Bank Governor Tito Mboweni told the news conference.
September 2006
"The only way to deal with conspicuous consumption is by raising interest rates," Mboweni said in a departure from prepared remarks, adding that while rates were high South Africa's "sociology" did not permit for a low rate environment. Source: Factiva
Macroeconomic news
Regarding macroeconomic news announcements, the surprise component is calculated by comparing the actual outcome with market expectations. The list of macroeconomic variables for which data on market expectations are available is shorter for South Africa than for developed countries like the US or the euro area countries. Our list contains the following macroeconomic variables:
-CPIX and PPI -Real GDP growth -M3
-Trade balance
The shortcoming of the monthly Reuters surveys that are the source of our market expectations is that they reflect market expectations one month (or one quarter) prior to the news releases by Statistics South Africa (CPIX, PPI, GDP), the Reserve Bank (M3) and the South African Revenue Service (trade balance). This means that by the time of the news releases, market expectations might have evolved since the survey was conducted.
Unbiasedness and efficiency of market expectations
An important question when using data on market expectations is whether market expectations are unbiased and efficient. Unbiasedness means that expectations do not exhibit systematic mistakes with regard to the realisation of the variable considered. Weak form efficiency means that forecast errors cannot be explained by past information. In technical terms, the following equations are estimated (Joyce and Read, 1999): 
Where the null of efficiency ( 0 ... :
) is tested against the alternative of inefficiency ( 0 ... :
The results reported in Table 2a and 2b indicate that expectations regarding CPIX are biased and that expectation with regard to CPIX, PPI and to some extent the trade balance are inefficient. This finding is somewhat in contradiction with the literature concerning developed market economies for which market expectations are usually found to be unbiased and efficient (Joyce and 
Results
The estimation results of the monetary model are reported in Table 3 . We first estimate our benchmark model including relative output, relative money supply and the interest rate differential. We then extend the benchmark model by adding one additional explanatory variable at a time. While the residual-based cointegration tests never reject the null of no cointegration, Johansen's trace statistics indicate the presence of one cointegrating relationship for 7 out of the 10 models. In these cases, the error correction terms from the DOLS model are always negative and statistically significant. We take this as a weak evidence for cointegration. Looking at the coefficients, they have the correct sign in line with the theoretical priors and are statistically significant. Note also that the tests do not indicate the presence of structural breaks. Model 8 will be included in the short-run exchange rate model as it is selected by the Akaika, Schwarz and Hannan-Quinn information criteria. (DOLS) indicate that the reported statistics refer to the error correction model and the long-run relationship estimated using DOLS, respectively. *, ** and *** mean statistical significance at the 10%, 5% and 1% levels. M2, and M3 are monetary aggregates, GDPR is real GDP interpolated linearly from quarterly to monthly frequency. IR_LR and IR_SR are long-run and short-run interest rates. The aforementioned variables are expressed as the difference between the domestic and foreign (US) variables. GOLD is the UK London gold price, METAL is the "CRB Spot Index Metals" price of gold. PROD is the productivity and relative price differentials. SM is the stock market index, TBC is the cumulated trade balance to GDP, TBQ and TBY are quarterly and annualised trade balances over GDP against the US.
Let us now consider the estimation results of the high-frequency GARCH models obtained for the period from January 4, 2001 to July 4, 2007. We estimate the linear, two-regime and three-regime models for various model specifications where the differences come from: -allowing nonlinearity only for the variable deviation from monetary equilibrium and allowing nonlinear effects in four additional variables (changes in gold and platinum prices, country and emerging market risk premium, the interest rate differential and changes in the dollar/euro exchange rate) 10 -using the deviation from equilibrium with and without lag (both as an explanatory and threshold variable). The use of the deviation from equilibrium with a lag tantamount to an error correction model with a partial mismatch between the long-term and shortterm determinants of the exchange rate.
-alternative interpolation of the monthly deviation series to the daily frequency (linear last match and cubic last match interpolation)
-using the explanatory variables as they are ( Z ) and in absolute values ( Z ) in the conditional variance equation.
-Two measures of the rand-dollar exchange rate return calculated using quotes at 14:25 and 24:00 (18:00 New York, 24:00 local South African time).
When nonlinearity is allowed only for the deviation from equilibrium, usually the two-regime model is selected with a one-sided nonlinear mean reversion on the stronger side of the rand/dollar exchange rate (Table 4a and Table A1 in the appendix). 11 This one-sided nonlinear mean reversion on the stronger side of the currency is a very robust finding as it holds across alternative model specifications if we allow for nonlinearity in other explanatory variables as well (changes in gold and platinum prices, country and emerging market risk premium, the interest rate differential and changes in the dollar/euro exchange rate) and as the negative autoregressive coefficient estimates in the lower regime remain stable (Table 4b) . Overall, the results are robust to alternative interpolation methods for the monthly deviation series, to alternative treatments of the data in the conditional variance equation, to the two measures of the exchange rate 12 and whether or not the deviation from equilibrium is used contemporaneously or with a lag in the equations. 13 It should be noted that allowing for nonlinearity increases the adjusted r-squared of the models by a factor of 2. Nevertheless, our models explain only around 10% of the variations in daily exchange rate returns.
When we allow for nonlinearity in six additional regressors, we are always able to reject the tworegime model in favour of the three-regime model. The choice of the three-regime model reflects strong nonlinearities in the additional variables.
In the linear specification, rises in gold prices and the dollar/euro exchange rate are related to a rand appreciation against the dollar, irrespective of the model specification. By contrast, the effect 10 For the other variables, the number of available observations is not sufficient to do the grid search. 11 In two cases, three-regime nonlinearity is chosen (model 4 and 8 in Table 4a ). In one of them, there is strong mean reversion to equilibrium is the deviation is large on both sides, but no mean reversion happens if the exchange rate is close to equilibrium. But this finding is clearly a not robust result to alternative model specifications. 12 Note that we also estimated exponential GARCH(1,1) (EGARCH) and threshold GARCH(1,1) (TGARCH) models. The asymmetric (exponential and threshold) terms are usually statistically insignificant. 13 Only results based on lagged deviation from equilibrium are reported in the paper. The full set of results for the contemporaneous deviation from equilibrium is available upon request. of changes in risk perception towards South Africa and more generally towards emerging market economies, the interest rate differential and the rating dummy changes depending on the whether we use mid-day or end-day exchange rate data.
As shown in Table 4b , the effects of the growth rate of gold prices and the dollar-euro exchange rate are highly nonlinear: A rise in gold prices has strong appreciating effects if the rand is considerably weaker than the monetary equilibrium (upper regime) and the results suggest appreciating effects in the middle and lower regimes using end-day exchange rate data. . Furthermore, the size of the impact of increasing gold prices on the exchange rate is about twice as high as the impact of increasing platinum. A depreciation of the dollar against the euro is associated with a rand appreciation vis-à-vis the dollar in the lower regime (if the rand is considerably stronger than the monetary equilibrium).
The sensitivity of the results regarding the effects of increasing country risk and emerging market risk virtually disappears once we allow for nonlinearity: Rising country risk premium is found to be linked with currency depreciation in the middle regime when the currency is close to its monetary equilibrium, while an increase in the general risk perception towards emerging market economies relates to a rand depreciation when the currency is the upper regime, i.e. when it is considerably weaker than the monetary equilibrium. The effect of the interest rate differential evaporates across alternative model specifications, while changes in platinum prices generate a rand appreciation in the upper regime for mid-day exchange rate returns and a depreciation in the lower regime for end-day exchange rate returns.
Regarding central bank communication and macroeconomic news, the estimation results indicate that the impact on the exchange rate depends largely on the use of the type of the exchange rate return. For instance, a trade balance position better and GDP growth rate higher than expected by market participants is associated with a rand appreciation against the dollar at 14.25 but not at the end of the day. By contrast, surprises in the CPI and M3 lead to appreciation only in the exchange rate return series at the end of the day but not earlier.
14 Similarly, central bank communication aimed at talking up the rand against the dollar appears to have the expected appreciating effect only at the end of the day.
We interpret the sensitivity of the results for central bank communication and macroeconomic surprises to the date of exchange rate data collection as a sign that the effect of the aforementioned factors on the exchange rate is very short lived and does not carry over to a period longer than a day.
With regard to the conditional variance equation (see Table A3 in the appendix), only PPI surprises seem to have consistent and statistically significant negative impact on exchange rate volatility across various model specifications. In addition, day-of-the week dummies appear to be linked negatively to exchange rate volatility even though this effect is not significant in half of the cases: volatility is higher on Mondays than during the rest of the week. Notes: Bold (underlined italic) figures indicate statistical significance at the 5% (10%) level. "lin" and "cub" indicate that monthly series for the monetary equilibrium are converted to daily frequency using linear match last and cubic match last interpolation. "raw" and "@abs" indicate that the variables are used as they are or in absolute values in the conditional mean equation. DEV(-1) is the deviation from monetary equilibrium with a lag of one day. 
Concluding remarks
In this paper, we sought to uncover short-term drivers of the South African rand vis-à-vis the US dollar from January 2001 to July 2007. We identified four major quantitatively important factors influencing daily exchange rate returns in South Africa: i) Nonlinear mean reversion to the longrun monetary equilibrium if the exchange rate is stronger than what the monetary equilibrium would imply; ii.) gold prices the changes of which lead to strong currency appreciation against the dollar in a highly nonlinear fashion, iii.) general risk perception of markets towards emergingmarket economies and towards South Africa that causes a currency depreciation and that depends on how far the currency is located from the monetary equilibrium; and iv.) developments in the dollar/euro exchange rate the effect of which is strongest if the exchange rate is considerably more appreciated than the monetary equilibrium. We found some evidence for very short-lived effects on the rand-dollar exchange rate of various macroeconomic surprises and central bank communication aimed at talking up the rand (but not weakening it). Notes: "Lin" and "cub" indicate that monthly series for the monetary equilibrium are converted to daily frequency using linear match last and cubic match last interpolation. "raw" and "@abs" indicate that the variables are used as they are or in absolute values in the conditional mean equation. OBS is the number of observations used in the equations. Bold (underlined italic) figures indicate statistical significance at the 5% (10%) level. growth rate -rand/USD level -rand/USD
